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II. FACILITIES
Michigan Reactor
All samples were irradiated in The University of Michigan-
Ford Nuclear Reactor which is located in the Phoenix Memorial
Laboratory on the North Campus of the University. This reactor
is of a swimming pool design and is operated at a level of one
megawatt. Samples are sent into the reactor via a pneumatic
tube system. The thermal neutron flux under these conditions
is about 2 x 1012 n-cm-sec’. The accompanying gamma-radiation
flux is about 8000 roentgens per minute.
Phoenix Laboratory
Irradiated samples are prepared for analysis in a laboratory
room in the Phoenix building. This room, which is used exclusive
ly by our group, contains a six-foot “Oak Ridge-type” hood, and
the usual laboratory facilities. To date, this area has proven
adequate for our purposes.
Counting of the radioactivity is done in another room which
is shared with others working in the Phoenix building.
In a few instances, it was necessary to analyse samples con
taining both 1128 (25 mm.) and Cl38 (37.5 mm.) activity. Such
analyses were performed on the 100-channel analyser which is
under the supervision of Professor W. W. Meinke.
Chemistry Building
This group has been assigned the use of one small laboratory
in the Chemistry building to be used for experimental studies
involving isotopes. We are using this room for our studies in
volving the Brsom(I.T.)Brso (4.5 hr.) reaction. For these ex
periments, liquid bromine is irradiated in the Ford Reactor and
then transported to this room in the Chemistry building.
Non-radioactive sample preparations are performed in one of
two other rooms in the Chemistry building Where laboratory space
has been made available.
-2-
III. GAMMA-RAY RECOIL ENERGY DISTRIBUTIONS
Random-Walk Equation
A closed general solution of the probability distribution
function for three-dimensional random-walk processes has been
derived, This derivation has appeared’ in the February, 1961,
issue of the Journal of Chemical Physics. Presented in the
paper are the specific solutions for n = 2, 3, and 4 unequal-
length steps.








where is the magnitude of the i’th step and
1. both M and are algebraic sums consisting of (n+l)
terms of R, e-1, ‘2, ...,
2. there are a total of 2n1 different M and 2n1 differ
ent N terms;
3. the first quantity in each M or N terms is always
positive;
4. the total number of negative signs in each M term is
an odd number, [1, 3, 5, ....., (n_l)e or (n)0];
5. the total number of negative signs in each N term is
an even number, [0, 2, 4,....; (n)e or (n-i)0], where e and. o
represent n equal to an even or odd number, respectively.
The probability distribution is
d P(R)/dR = 4’wR2 W(R) (2)
The probability that the total displacement is between 0
































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Table I. Probability distribution for
three unequal length steps.
R-range Applicabilitya w3(n)
0 — (A-B-c) 1 0
0 -÷ (—A-i-B+c) 2 1
B ‘[(ABC
(A-B-c) — (A-B+c) 1
R-A+B+C
(-A+B+c) (A-B+c) 2 l6RABC
(A-B+c) —* (A+B-c) 1 or 2 18 ‘rrRAB
(A+B-c) —* (A+B+c) 1 or 2 —R+A+B+C
16’rrHABC
aCase 1 is where A > (B+c); 2 is where A < (B+c)
-7-.
Table II, Various cases for four unequal length steps
Case COfldIOflSa
1 A> (B+C+D) and B> (c+D)
2 A > (B÷C+D) and (C+D)> B
3 (A+D)> (B+C), (B-f-D)> A, and B> (C+D)
4 (A+D) > (B÷C), (B+C)> A, A> (B+D), and B> (C+D)
5 (B+C+D),> A, A> (B+C), and B> (C+D)
6 (A+D) > (B+C) and (C+D)> A
7 (A±D) > (B±C) and (B+D)> A> (C+D)> B
8 (A+D)> (B+C) > A > (B+D) and (C+D)> B
9 (B÷C+D)> A> (B+C) and (C+D) > B
10 (B÷C)> (A+D), (B+D)> A, and B> (C+D)
11 (B÷C)> (A+D), A > (B+D), and B> (C+D)
12 (B-i-C). (A+D) and (C+D)> A
13 (B+C)> (A+D) and (B+D)> A> (c+D)> B
14 (B+C)> (A+o), A> (B+D), and (C+D)> B































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































6.15, 0.51, 1,95 7.42
5.01, 1.65, 1,95 2.12
6.15, 0.51, 1.16, 0.79 2.38
5.01, 1,13, 0.51, 1.95 1.59
5,01, 1,65, 1.16, 0.79 3,18
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Fig. 2 - Summed Probability for C135(n,y)Cl Gamma-Ray Energies
IV. ACTIVATION BY THE (n,”y) PROCESS
If an isolated atom absorbs a thermal neutron and the neu
tron binding energy is released as a single gamma ray, then, as
a result of conservation of momentum, the atom will receive a
recoil kinetic energy of2
Er = 557 E2/m (1i)
where E is the energy (in P4ev) of the gamma quantum., m is the
mass (in amu) and Er is the recoil energy (in ev) of the activ
ated atom Such energy is usually greatly in excess of thermal
energies. For example, the neutron-binding energy associated
with the I’27(n,’y)I’8 process is 6.6 P4ev; an isolated 1128 atom,
releasing this energy as a single gamma ray would acquire 182 ev
of kinetic energy.
If the atom which undergoes an (n,y) reaction is bound
chemically, it is not immediately obvious how the gamma-ray
recoil is transferred to the atom and the molecule. The observ
ations of Szilard-Chalmers and subsequent experimenters have
shown that most of the atoms activated by the (n,y) process
rupture from their parent compound. This indicates that at
least a fraction of the gamma-recoil momentum must be deposited
in the bond joining the activated atom to the molecule. For a
given isotope, the gamma-ray momentum required for bond rupture
should depend not only on the bond energy but also on the chem
ical radical to which the activated atom is bound.
Suess5 calculated that, for a diatomic molecule, the in
ternal energy, E, will be increased by
57 E 2
= ( )( (5)m
where M is the molecular weight of the molecule.
-l -
-15-
If a single gamma ray, of the order •of 6 Mev energy, is
emitted by an atom it would be expected that the activated atom
would always rupture from its parent compound. The only exception
would be, perhaps, the case where the activated atom was bonded to
an atom of small atomic weight as, for example, in the hydrogen
halides. However, indirect experimental evidence indicated that
in the (n,-y.) activation of gaseous 02H51, of the order of 1% of
the 1128 did not rupture from the parent molecule.
Such failure to bond-rupture can be explained. In (n,y)
activation, and particularly in the activation of the halogens,
the neutron binding energy is released most frequently not as a
single gamma quantum, but as a gamma-ray cascade. Because of par
tial cancellation of gamma-ray momenta, some of the atoms could
receive a net recoil momentum which is less than that required
for bond rupture.
If the complete neutron capture - gamma ray cascade spectrum
is known, and if there are no angular correlations between the
gamma rays, then, using a closed general solution for three
dimensional random walk processes1, the net gamma-ray momentum
probabilities can be calculated. In addition, if the net gamma-
ray momentum required for bond rupture can be calculated, then,
it is possible to predict the percent of the activated atoms
which will fail to rupture from their parent compound.
Unfortunately, at present, the neutron capture - gamma ray
data are inadequate to permit calculating the momentum prob
abilities.
The problem, then, is to determine the manner in which a
momentum impulse imparted to an atom is transferred to the bond
joining that atom to the molecule.
Steinwedel and Jensen5 calculated the fractional distribu
tion of the internal energy between the vibrational and rota
tional modes of a diatomic molecule. In addition, they con
sidered a quantum-mechanical approach to the problem.
Recently, Svoboda6 discussed the relationship between rota
tional excitation and the bond dissociation energy. Wolfsberg7
also included such an effect in his quantum-mechanical evaluation
of the beta decay recoil excitation of c’ labeled ethane.
-i6-
To calculate the recoil energy required for chemical bond
rupture in a polyatomic molecule it is possible to utilize a
quantum-mechanical approach similar to that employed by Wolf 5-
berg70 However, because of the uncertainties and assumptions
associated with such derivations, the calculated value would be
considered as only •a very rOugh approximation.
We have considered the problem of recoil momentum activa
tion of polyatomic molecules in terms of kinetic theory. The
mathematical model which we propose involves only a small number
of well-defined assumptions, and these assumptions, at least for
the simpler molecules, may not invalidate the results.
CALCULATION OF MOMENTUM TRANSFER
As indicated in Fig. , we visualize the polyatomic molecule
as composed of a point-mass atom, A, the remainder of the mole
cule being a rigid body. The atom, A, is joined to the rigid
body by a spring of variable length, r, the spring terminating
at C, a point-mass atom of the rigid body. The mass of the com
ponents of the rigid body are not considered as concentrated at
a point, but retain the spatial configuration present in the
molecule. This representation, therefore, does not reduce the
problem to that of a diatomic molecule. The important difference
is that., unlike a diatomic molecule, the center of gravity of
the polyatomic molecule is not necessarily on the line joining
the atom, A, to the remainder of the molecule. The center of
gravity of the rigid body is at GT; the center of gravity of the
molecule is on the line GA and located at a point EL
The atom, A., receives a momentum impulse, Q. We assume
that this impulse causes (a) the molecule to rotate about 0,




Fig. 3 - Schematic Representation of Pseudo-Polyatomic Molecule
-18-
Deposition of Energy
to the terms stated above, we also define:
molecular weight of the molecule,
atomic weight of the atom, A,
atomic weight of the atom, C,
velocity of A,
velocity of the rigid body attached to A,
potential energy between the two bodies
of the system, ET, is





= vi + v (7b)
M
where vG is the velocity of the center of mass. Eq. 6 may be
rewritten
ET = Mv +
m(M—m)
v2 + V(r) (8)
Since MvG2/2 is the external energy of the molecule, the internal
energy, E, is
E. = [m(M-m)v2/2 ] + V(r) (9)
Prior to A receiving an impulse, VA = v’ and r r0. Therefore,
= V(r0). As a result of the impulse, VA v’, the spring
undergoes an inelastic stretching, and the separation changes









= {m(M-m)v2/2 ] + V(r) - V(r0) (10)
-19 -
Momentum Transfer
Consider a momentum, Q, randomly directed and acting on the
atom, A This momentum can be resolved into two parts, v
- the
component along the spring (bond.) and
r
- the component perpen
dicular to the line joining the atom H to the center of gravity,
G’, of the molecule Vibrational excitation will result from
rotational excitation from
The momefltum, Q, may be resolved into the two components as
follows
We choose the location of the atom, A, as the origin; the
bond, CA, joining A to the remainder of the molecule as the Z
axis, and the center of gravity of the rigid body, G’, as a point
on the YZ plane as indicated in IPig . The vector is defined
by (lQ, 0, Since the component must lie on the Z axis,
will lie on the plane defined by Q and the Z axis. The vector
is therefore defined by (LQt 0’, ). The vector AG’ is
defined by (I AG’ , , 0.) and r perpendicular to AG ! There
fore cos L (Q - AG’) = cos a cos,0 + sin a sin 0’ cos or
tan 0’ = -(ctn a/cos )
Thus:
= Q cos 0 + Q(sin o cos )/ctn a
= Q sin Q’(ctn2 a + cos2 )1/2/ctn a
Assuming that the recoil momentum, Q, is random and isotropic:
KQv2A Q2 cos2 a (II)
KQr2)A = (Q2/5) ± (2/5 cos2 a) (12)














Fig. 4 - General Spatial Coordinates for Pseudo-Polyatomic Molecule









The rotation of the molecule about the center of gravity, G,
will result in centrifugal forces acting on the bonds in the mole
cule. As a first approximation, we assume that the total energy
will be associated with the A-C bond. This assumption
will be approximately valid in the case where (1) the groups





According to classical mechanics, the rotational energy of
the system is
* [‘xx <W)Av Tyy <W;v + Izz
Kv
+ 1xy WxWy
+ I WyW) + I ] where Wy and W are the
Since
KZ)A





= r /W2 +1 +1 Kw21XX\X/ yy y xy xy‘Av Av Av (16)







(‘7)(1 + sec2 a)
-22-
of C-H bonds and (2) the groups (other than C) attached to A are
also tightly bound, (p5) the center of gravity, G, is on the line,
AC For the “molecule CH3-N, where C is the carbon atom and A
is the nitrogen atom, we consider Er Av
as being deposited
totally in the C-N bond. We are in the process of correcting
for this approximation. The data presented in Table V (pp. 27-
28) are based on this first approximation.
Vibrational Excitation
We may now examine the vibrational excitation. The portion
of the molecule attached to A is considered as a rigid body com
posed of a group of mass points. As this group experiences a
recoil momentum, Q, it undergoes both rotation and translation.
The vector
v may be resolved into vv
which is in the direction
of CG and
vr which is perpendicular to CG’. Refer to Fig. 5.
As a result,
‘‘vv = ‘v cos ‘vr = ‘v sin . The vector vrwill cause the point mass at C to rotate about G’, resulting in
a vibration between C and A. Hence
Evr
= mc/2m(mc + m) (18)
On averaging
Ev) = Q2m sec2 a sin2/6m(mc + m) (19)
The vector
vv will cause the whole group of mass-points to move,
thus resulting in a vibration between A and the rigid group of
mass points. For this,
Evv Q.v(M_m)/2Mm (20)
On averaging































































































































































































































































































































































































































Net Gamma-Ray Energy Required for Bond Rupture






CH3Br 0.675 0.525 0.000
CD3Br 0.680 0.520 0.000
CR2Br 0.825 0.075 0.104
CF3Br 0.712 0.288 0.000
CF2Br 0.857 0.115 0.050
CHC1Br2 0.849 0.100 0.051
CC13Br 0.756 Q.21-4 0,000
CHBr3 0.844 0.125 0.055
CO12Br 0.852 0.144 0.024
OBr4 0.802 0.198 0.000
C2II5Br 0.786 0.058 0.164
























OH3I 0.527 0.000 2.177
-28-
Table V (Cont.)
Molecule E * E * E * E ar yr rr
Mev
o677 0.32 0.000 1.996
0F31 0.700 0.500 0.000 1.410
CH21 0.857 0.095 0.070 1.060
021151 0,699 0.184 0.117 1.786
n-C3H71 0.804 o.o6i 0.155 1.485
i-C3H71 0.792 0,150 0.078 1.501
a Calculated accordIng to Eq. 25 for po-lyatomic molecules and
Eq. 5 for diatomic molecules.
-29 -
EXPERIMENTALLY DETERMINED FAILURE TO BOND-RUPTURE
The purpose of this study was to determine experimentally
the extents of failure to bond-rupture of 1128 and Br8° when in
the form of alkyl halides.. In addition, it was desired to eval
ate, if possible, the proposed mathematical model3 describing
the transfer of momentum from the gamma rays to the internal
modes of the molecules.
Experimental
Quartz bulblets, of 4-5 ml size were filled with about 10-15
mm (if possible) of an alkyl halide and about 700 mm of NO. Gen
erally, 0.1 mm 12 (or Br2) was also added. The organic bromides
were purified by stirring wi.th concentrated 112504 followed by
washing with water, drying, and distillation. The organic ‘odides
were passed through a silica gel-alumina column a.nd then distilled.
The samples were packed in Lusteroid rabbit capsules, thus shield
ing them from light; if they were not to be irradiated within a
few hours, they were stored in a refrigerator.
The samples were irradiated in The University of Michigan
megawatt reactor for about 30-45 sec. at a thermal neutron flux
of 1.5 x 1012 n/cm_sec. and an accompanying radiation flux of
5000 r/min.
The nitric oxide served three purposes. (1) It is an effi
cient radical s.cavenger and thus, should serve to suppress radia
tion induced reactions. (2) It should react easily with the Br8°
atoms dissociating from the alkyl bromides thus preventing the
Br8° from returning to organic combination. In the case of the
1128, it has been shown (Section VII) that NO is an effective
moderator for the 1128 + OH4 reaction., the moderation being due,
perhaps, to the fact that NO can effectively neutralize 1+ ions.
(3) La.rge amounts of NO, or, for that matter, any molecular addi
tive, will serve to reduce the kinetic energy of the recoiling
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CH3Br 0.23, 0.29, 0.27, 0.22, 0.25, 0.25 ± 0.01
0.23, 0.262, 0.25, 0.232
CD3Br 0.28, 0,26, 0.22, 0.16, 0.16, 0.20 ± 0.02
0.16, 0.17, 0.18
CH2Br 0.150, 0.208, 0.195, 0.160, 0.115 ± 0.010
0.060, 0.130, 0.072, 0.079,
0.162, 0.160, 0.100, 0.172,
0.150, 0.202, 0.020, 0.014,
0.120, 0.093, 0.080, 0.097,
0.130, 0,091, 0.093, 0.103,
0.092, 0.046.
CF3Br 0.090, 0ll0, 0.100, 0.098, 0.105 ± 0.004
0.099, 0.093, 0.120, 0.115,
0.123
CF2Br 0.105, 0.112, 0.086, 0.088, 0.093 ± 0.004
0.082, 0.091, 0.089
CHC1Br2 0.090, 0.092, 0.109, 0.083, 0.087 ± 0.005
0.091, 0.068, 0.075
OCl3Br 0.057, 0.072, 0.051, 0.062, 0.066 ± 0.004
0.079, 0.080, 0.061





CBr4 0.052, 0.051, 0,054, 0.044 0.051 ± 0.006
0.026
C2H5Br 0.51, 0.28, 0.41, 0.58, 0.51, 0.55 ± 0,05
0.26, 0.45, 0.21
l,1-C2H4Br 0.157, 0.175, 0.151, 0.185, 0.17) ± 0.009
0.200
CH3T 1.10, 1.10, 0.99, 1.00, 1.14, 1.09 ± 0.05
1.05, 1.24
CD3I 1.05, 1.02, 1.12, 0.45, 0.56, 0.68 ± 0.06
0.94, 0.65, 0.56, 0.52, 0.45,
0.25, 0.45, 0,71, 0.99, 0.56,
0.65
CF3I 0.176, 0.158, 0.118, 0.112, 0.12 ± 0.02
0.085, 0.091
CH21 0.06, 0.07, 0.08, 0.056, 0.068 ± 0,004
0.07, 0.070
C2H51 0.87, 0.90, 0.82, 0,76, 0.71, 0.82 ± 0.04
0.82, 0.75, 1.01, 1.05, 0.57,
0,96, 0,64
n-C3H71 0.81, 0.84, 0.72, 0,62, 0.86, 0.66 ± 0.05
0.85, 0.54, 0.58, 0.48, 0.44,
0.55
i-C3H71 0,14, 0,46, 0,26, 0.52, 0.54 0.50 ± 0.05
a Uncertainty is the standard deviation of the mean.
Since, for these isotopes, the neutron capture - gamma data
are inadequate to perPdt calculating the probabilities, the latter
plot cannot be obtained. However, the general shape of the prob
ability curve will, perhaps, be similar to that calculated for the
C135(n,’-y)016 process. This calculated curve is depicted in Fig.
2. Plotted in Figs. 6 and 7 are the observed failure to bond-
rupture vs. the calculated minimum recoil gamma-ray energy.
It will be noted that the data for the methyl iodides and
bromides do appear to lie on a smooth curve.
From Figs. 6 and 7 we may deduce that the expected failure
to bond-rupture Of 12 is Q.0)% and that of Br2 is 0.08%.
The data for C2H5Br, l,l-C2H4Br C2H51, n-C3H71, and i-C3H71
deviate markedly from the curve drawn through the methyl-halide
data. Apparently, as stated above, the direct use of E
Av
is
to be considered as only a first approximation. It would be ex
pected to be most in error for the higher carbon-content compounds.
Preliminary calculations correcting for the assumption indicate
that these ethyl and propyl compound data will be more in accord

































































































































































































































































































































































































































































































































































































































































































































































































































































The E—W theOry involves two variables, a and f. The quantity
a is the average logarithmic energy loss per collision and is a
function of the mass of the hot atoms and the mass of the molecule
or atom with which the hot atom collides. The quantity f is the
probability that the collision be with CH4 and is a function of
the mole-fractions of the components and the cross-sections for
the various collisions.
For a system composed of a single reactant:
(a/f) (fraction of the activity in a given form)
= I - (f/a)K (52)
According to the above equation, a plot of (a/f)(fraction
Br8° or 1128 as organic) versus f/a should approximate a straight
line and, equally important, all points should fall on the same

















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Percent Br8° Stabilized in Organic
Combination in Various Gaseous Mixturesa
Pressure Pressure Mole Fraction Percent Br8°
Additive CH4 (mm) Additive Additivebc as organicd
( mm)
He 654 27 0.040(7) 13.5(2)
13.6(4)
549 83 0.131(2) 12.6(1)
12.6(2)
440 87 0.165(5) 12.0(2)
12.0(2)
127 300 0.703(123) 8.5(4)
9.2(4)
Ne 416 52 0.111(12) 11.2(4)
12.5(3)
44 129 0.221(17) 10.8(3)
239 217 0.476(52) 9.6(2)
239 219 0.478(52) 8.6(4)
Ar 501 127 0.202(26) 12.1(5)
12.2(5)
238 177 0.427(35) 5.5(6)
6.7(4)
i48 279 0.653(40) 4.8(6)
-41-
Table VII (Cot.)
Pressure Pressure Mole Fraction Percent Br8°










649 41 0.059(1) 11.5(3)
11.5(4)
589 97 0.141(2) 8.7(4)
8.9(3)
283 147 0.342(3) 5.3(2)
5.6(2)












557 90 0.139(2) 8.0(2)
8.4(3)
437 241 0.356(3) 4.7(2)
5.0(3)




Pressure Pressure Mole Fraction Percent Br8°
b,cAdditive OH4 (mm) Additive Additive as Organic
(mm)
02F6 498 i4 0.225(2) 6.5)
568 275 0.428(5) 5.2(2)
6.6(2)
Br2 714 2 0.005(1) 15.1(7)
14.5(6)
658 5 0.005(1) 15.4(4)
656 25 0.054(7) 11.5(5)
15.0(2)
629 65 0.096(7) 10.4(1)
10.9(2)
268 65 0.195(15) 6.6(1)
7.2(1)
112 65 0.560(29) 5.2(1)
4.4(1)
O2H5Br 699 11 0.015(4) 12.8(4)
15.1(4)
657 20 0.029(1) 12.4(4)
15.4(5)
467 22 0.045(2) 11.1(5)
11.6(5)
525 25 0.067(5) 10.5(2)
12.1(5)




























































































































































































































































































































































































































































































































































































































Fig. 8 - Effect of inert-gas moderators on the reaction of
gaseous CH4 with Br8° activated by the (n,-y) process.
Moderators: helium, V ; neon, argon, I ;
krypton, A xenon,










Fig. 9 - Effect of molecular moderators on the reaction of
gaseous OH4 with Br8° activated by the (n,’-y) process.
Moderators: CE4, ; CF5, V ; Er2, L C2H5Br, 0
14



















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Fig. 10 - Plot corresponding to equation 2 for the Br8° in
organic combination. Moderator symbols are listed in
captions for Figs. 8 and 9.
3.00 LO 2.0
-50-
In summary, the data of Fig. 10 would tend to support the
conclusion stated earlier that the reaction of Br8° with methane
occurs principally, if not completely, as a result of the gamma









































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Organic Yields of Iodine—l28 with Methane at
Various Mole Fractions of the Following Additives
Pressure Pressure Mole Uncorrected Corrected
Additive OH4 Additive Fraction % i as % 1128 as(mm) (mm) Additive Organic Organica
02 574.0. 8oo 0.122 11) 55.5 51.8
574.0 87.0 0.152 6) 55.5 51.7
459.0 180.0 0.282(19) 55.0 5O,,5
459.0 192.0 0.295(15) 50.8 48.2
55.0 482.0 0.952(7) 40.5 54.7
45.o 57.2
N2 608.0 59.0 0.089(9) 49.6 48.4
608.0 65.0 0.097(6) 55.6 52,0
529.0 152.0 0.200(16) 51.1 49.0
529.0 148.0 0.219(9) 54.9 52.7
411.0 207.0 0.555(26) 54.5 51.7
55.0 529.0 0.890(12) 48.2 42.6
46.8 41.2
CF4 577.0 95.0 0.159(2) 52.7 51.1
52.7 51.1
445.0 249.0 0.559(2) 50.0 47.4
5O.l 47.5
247.0 429.0 0.655(5) 47.5 45.5
47.6 45.8
67,0 64o.o 0.905(4) 42.6 57.4
42.8 57,6
55.0 655.0 0.950(5) 42.2 56.8
42.7 57,5
CH2F 545.0 146.0 0.211(2) 45.5 45.4
46.6 44.7




Pressure. Pressure Mole Uncorrected CorrectedAdditive CR4 Additive Fraction % 1128 as 21 1128 as(mm) (mm) Additive Organic Organica
CH2F 284.0 283.0 0.499(5) 37.1
229.0 450.0 0.665(3) 51.0 27.4
51.5 27.9
C2F6 590.0 .92.0 0.135(2) 48;.8 44.8
49.2 45.2
567..o 188.0 0.539(2) .7 31.1
44.0 55.5
58.9..o 511.0 0.444(4) 42.0 51..1
599,0 551,0 0.455(2) 42.0 o.8
44. 55.2
171.0 287.0 0.627(4) 59.5 24.2
150.0 520.0 0.776(5) 40.2 21.4
41.4 22.7
14.0 649.0 0.979(4) 57.2 15.2
57.5 15.)
NO 679.0 9.0 o,oi(i) 52,9 51.8
51,8 50.7
674.0 15.0 0.019(1) 49.4 48.
51.0 49.9
652o 16.0 0.024(1) 47.2 46.1
51.6 50.5
454.0 8.o 0.077(2) 42.6 41.5
4.o 41.9
575,0 44,0 0.106(2) 59.6 58.5
59.5 38.2
562.0 112.0 0,166(1) 55.5 4.4
56.8 55.7














































































































































































































































































































































































































































































































































Pressure Pressure Mole Uncorrected CorrectedAdditive OH4 Additive Fraction as 1128 as(mm) (mm) Additive Organic Organica
C3H71 684.0 7.0 0.010(1) 44.7 43.6
44.8 43.7
678.0 15.0 0.022(1) 37.4 36.3
35.2 34.1
482.0 28.0 0.055(1) 28.9 27.8
27.3 26.2
288.0 21,0 0.068(2) 20.1 19.0
18.6 17.5
187,0 22.0 0.105(1) 15.9 14.8
11.4 10.3
181.0 25.0 0.121(4) 14.9 13.8
11.8 10.7
CF3I 620.0 16.0 0.025(1) 35.4 34.3
33.7 32.6
178,0 42,b 0.191(4) 6.6 5.5
5.9 4.8
C6H 646.0 10,0 0.015(1) 46.4 45.3
48.4 47.3
659.0 15.0 0.022(1) 37.7 36.6
37.6 36.5
675.0 27.0 0.039(1) 31.4 30.3
32.4 31.3
155.0 0.148(2) 9.7 8.6
9.2 8.1
a Refer to text for method of correction.
-67-
Table X
Percent 1128 Stabilized in Organic Combination in
Various Gaseous Mixtures of an Iodide and Additive
Total Mole Fraction asIodide Additive Pressure Additive Organic
CH3I(12) CF4 622 0.994 4.6(4) 4.4(4)
0f131(2) CH2F 6o 0.985 5.5(1)
710 0.976 5.4(1) 2.9(1)
CH3I(I2) 02F6 625 0.997 8.9(2) 8.8(7)
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Navanitray C. Kothary (as of Jan. 1, 1961)
Jack Brillhart (Summer, 1960)
Bernard Spielvogel (Summer, 1960)




Wolf Blatter (as of Sept. 1, 1960)
Martin Cooper (Summer, 1960)
Ronald Fine (Summer, 1960)
B. Publications
1. ?1A Closed General Solution of the Probability Distribution
Function for Three Dimensional Random Walk Processes by
C. Hsiung, H. Hsiung, and A. A. Gordus, J. Chem. Phys.,
54, 555-546 (1961).
2. Effect of Moderators on the (n,-y) Activated Reaction of
Br8° with CH4 by E. P. Rack and A. A. Gordus, to appear
in April or May, 1961, issue of the Journal of Physical
Chemistry.
5. “Effect of Inert-Gas Moderators on the (n,y) Activated
Reaction of 1128 with CR4T’ by E. P. Rack and A. A. Gordus,
to appear in June, 1961, issue of the Journal of Chemical
Physics.
4, “Effect of Molecular Additives on the (n,’y) Activated




5. “Vibrational and Rott,onal Excitation Resulting from
Momentum Transfer” by C. Hsiung and A. A. Gordus, submit
ted for publication:.
6. “Gamma-Ray Momentum Transfer: Carbon-Halogen Failure to
Bond-Ruptur Following (n,y) Activation” by A. A. Gordus,
submitted for publication.
C. Talks
A series of talks were given before local groups which included
the U. of Michigan chapter of the Am. Soc. of Môt. Eng. and the
Flint subdivision of the Detroit section of the American Chemical
Society. In addition, two papers were presented at the lnter
national Symposium on the Chemical Effects of Nuclear Transform
ations which was sponsored by the IAEAand held in Prague, October
24-27, 1960. These papers were:
CENT/49 - Gamma Recoil Energy Distributions
CENT/59 - Hot Ion-Molecule Gas phase Reactions of (n,y)
Activated 1128, Br80, and Cl38 with Hydrocarbons
and Alkyl-Halides.
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